Gaps" in bundle-branch conduction were observed in three patients using the combined technic of premature atrial stimulation and His bundle recordings.
H,-H2 intervals were shorter and the H2-V2 longer than that at which complete RBBB had been present.
In the patient with type III gap and complete LBBB, conduction to the ventricles through the right branch failed at long coupling intervals but was resumed at shorter coupling intervals while the H,-H2 intervals were shorter, and the H2-V2 intervals similar, to those at which block had occurred. True supernormal conduction was excluded in the first two cases. Nevertheless, this phenomenon, as well as a longitudinal dissociation, varying pulsatile vagal discharges acting on an area of depressed conductivity, and phase 4 diastolic depolarization in the right branch coexisting with complete block in the left branch, could have been responsible for type III gap.
Additional Indexing Words: Complete bundle-branch block
Atrial stimulation His bundle recordings S EVERAL authors have observed "gaps" in A-V conduction during premature atrial stimulation in both canine and human hearts.'-5 However, few studies have dealt with the occurrence of similar phenomena in the bundle branches. Therefore, it appeared of interest to present the findings observed in three patients which can be of help in understanding the mechanism of impulse propagation through the bundle branches, especially of the so-called "supernormal" conduction.6
The technic of obtaining His bundle electrograms used in our department has been discussed in previous communications.7 ' 8 After we explained the procedure and obtained consent, two catheter electrodes were introduced, under fluoroscopic control, to record the electrical activity from the His bundle area and to drive the right atrium at the lowest rate that persistently suppressed sinus node activity. By means of a specially designed pacemaker,9 premature stimuli were delivered after every eighth driven beat, at progressively shorter intervals, to scan the atrial cycle. Four surface leads were recorded simultaneously with the filtered (40-400 Hz) intracardiac leads at paper speeds of 100/sec.
Definition of Terms
A,, H,, V,, and A2, H9, V2 refer to the responses at the low right atrium, His bundle, and ventricles induced by driving and premature stimuli, respectively.
The H-V interval represented conduction time through the His-Purkinje system from the site (within His bundle) from which the H deflection was recorded, to the onset of the ventricular-depolarization, in whichever lead (surface or intracardiac) it occurred first.
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The amount of delay at the A-V node (AVN) encountered by A2 (in reference to A1), was determined by comparing the duration of the corresponding coupling (A1-A2) intervals (CI) with that of the Hr-H2 intervals.4 ' 10 The effective refractory period (ERP) of a bundle branch was given by the longest H1-H2 interval at which a "complete" bundle-branch block morphology appeared.
A "gap" in bundle branch conduction was considered to be present when a complete bundle-branch block disappeared at shorter CI, while A-V conduction was still possible.
Data on three patients referred for conducting system studies will be presented. Case Reports Case 1. In this patient the atria were driven at a cycle length of 600 msec. Ventricular complexes produced by driving, and premature stimuli delivered at CIs longer than 450 msec, showed no evidence of intraventricular block. The duration of the A-H and H-V intervals was 75 and 50 msec, respectively (first beat in each panel of fig. 1 ).
A change in the morphology of the QRS complexes appeared when the CIs ranged between 440 and 320 msec. This is shown in the left-sided panel in figure 1 where, at a CI of 320 msec, the H1-H2 and H2-V2 intervals measured 350 and 50 msec, respectively. Disappearance of the q wave in lead I and the decrease in size of the r wave in V1 suggested incomplete left bundle-branch block (LBBB).
A complete LBBB pattern appeared at CI between 315 and 295 msec, during which the H1-H2 intervals measured 340 msec or less. The latter value indicated the duration of the ERP of the left bundle branch. The middle panel in figure 1 shows that at a CI of 310 msec the H1-H2 interval measured 340 msec. Thus, A2 encountered an additional 30 msec delay at the AVN (as compared to A1). In addition, the H2-V2 interval was prolonged to 70 msec. Further shortening of the CI from 290 to 270 msec resulted in disappearance of the complete LBBB, since the QRS complexes induced by A2 showed the morphology previously attributed to incomplete LBBB, indicating that the impulse could again be conducted, although with some delay, through the left bundle branch. The right-sided panel in figure 1 shows that at a CI of 290 msec the H1-H2 interval measured 350 msec. Hence the magnitude of the additional AVN delay (60 msec) encountered by A2 was greater than that occurring when complete LBBB was present (30 msec, middle panel). Because of this more marked delay at the AVN, A2 reached the left bundle (at an H1-H2 interval of 350 msec) after the end of its ERP, the duration of which was, as mentioned earlier, 340 msec. In consequence, the H2-V2 interval (50 msec) also became shorter than that occurring when complete LBBB was present (70 msec), due to longer recovery time of the His-Purkinje system.
To summarize, in this case the complete LBBB pattern disappeared at shorter CIs because of the increase in AVN delay experienced by the premature impulses. Case 2. In this patient the atria were also driven at a cycle length of 600 msec. The A1-H1 and H,-V1 intervals measured 90 and 40 msec, respectively. Although QRS complexes induced by A1 showed no evidence of intraventricular conduction defect (first beat in each panel of figs. 2 and 3) premature impulses delivered at CI between 510 and 340 msec were conducted to the ventricles with what seemed to have been an incomplete LBBB morphology. This is shown in the left-sided panel in figure 2 where at a CI of 360 msec ;H1l, H2 :320 H1 H2: 320 120 95
Case 2. Type II gap in right bundle-branch conduction. The complete RBBB disappeared at A1-A2 intervals shorter than 305 msec. During this part of the cycle the premature impulses were conducted with an incomplete RBBB pattern (left-sided panel) or with an incomplete LBBB morphology (right-sided panel). When this occurred the H1-H2 intervals were shorter and the H2-V2 intervals longer than those at which complete RBBB had occurred (right-sided panel in fig. 2 ).
the H1-H2 and H2-V2 intervals measured 370 and 40 msec, respectively. A complete right bundle-branch block (RBBB) pattern appeared at CIs between 340 and 305 msec when the H1-H2 intervals were reduced below 350 msec (ERP of right branch). The right-sided panel in figure  2 shows that at a CI of 305 msec the H1-H2 interval measured 335 msec. Thus, A2 encountered an additional 30-msec delay at the AVN, when compared to A1. The H2-V2 interval had a duration of 65 msec.
It was interesting to note that the complete RBBB QRS DURATION: 140 I _ V'w S1 pattern disappeared at shorter coupling intervals during which the Hr-H2 intervals had a constant value (320 msec) which was significantly shorter than that at which complete RBBB had first appeared (350 msec).
During this (pregap) part of the cycle the QRS complexes had two different morphologies. In the leftsided panel of figure 3 the premature impulse producing an incomplete RBBB was delivered at a CI of 290 msec. The corresponding H1-H2 and H2-V2 intervals measured 320 and 120 msec, respectively. Thus, the delay at the AVN was of the same magnitude (30 msec) but that at the His-Purkinje system was 55 msec greater than when complete RBBB was present.
In addition, at a similar (290 msec) CI some of the premature impulses were conducted to the ventricles with an incomplete left bundle-branch block morphology without any change in the H1-H2 intervals (rightsided panel in fig. 3 ). However, the duration of the H9-V2 interval was 95 msec. This value was 25 msec shorter than in the beats with incomplete RBBB pattern and 30 msec greater than in those having a complete RBBB morphology. To summarize, during the pregap part of the cycle the H1-H, intervals were shorter than when complete RBBB was present. Hence, disappearance of the complete bundle-branch block pattern was due to the occurrence of additional areas of conduction delay within the His-Purkinje system, beyond the site where the H deflection was recorded. During sinus rhythm this patient had fixed and persistent 2:1 A-V (H-V) block. The conducted atrial impulses showed a complete LBBB morphology. Stimulation of the atria at the minimal rate which was able to suppress sinus node activity (corresponding to a cycle length of 660 msec) also resulted in 2: waves were blocked below the H deflection. The A1-H, intervals measured 120 and 130 msec, respectively. Because of the persistent 2:1 H-V block the minimal H,-H2 interval at which H2 conducted to the ventricles could only be determined when artificial atrial stimuli were delivered at CIs short enough to produce an A deflection which failed to activate His bundle. A study of the H1-H2 cycle performed in this way showed that H2 was able to reach the ventricles at Hr-H2 intervals of 1045 msec or more ( fig. 5, top) , but was unable to do so when these intervals ranged between 1000 (fig. 5 , bottom) and 610 msec (first two panels in fig. 6 ). However, at H,-H2 values between 570 and 525 msec (third and fourth panels in fig. 6 ) H2 again was followed by a QRS complex. The duration of the corresponding H2-V2 intervals was the same as that of H,-V, intervals (120 msec). Note that in the third panel the amount of delay at the AVN was insignificant (570-560 -10 msec).
At shorter CIs, AVN refractoriness prevented A2 from activating the His bundle. Hence, A2 failed to reach the right branch and consequently the ventricles ( fig. 7 ).
To summarize, in this patient with complete LBBB, "conduction" (to the ventricles) through the right branch failed to occur at CIs between 1000 and 610 msec. However, conduction was again possible at shorter CIs (during which the H,-H2 intervals were shorter than those at which block had occurred) successive His bundle deflections was 1045 msec, conduction through the right branch to the ventricles was possible. However, when this interval was reduced to 1000 msec the second H deflection was not followed by a QRS complex. fig. 5 ) and 610 msec (top two panels in this figure) . However, conduction to the ventricles through the right branch was again possible at H -H2 intervals between 570 and 525 msec (third and fourth panels). When this occurred the H2-V2 intervals had a similar duration to that of the H,-V1 intervals. Figure 7 Case 3. At A1-A2 intervals shorter than 450 msec the premature atrial deflections did not activate the His bundle, consequently failing to reach the right branch and the ventricles.
ventricles was not possible. However, at shorter CIs, A2 was so delayed within the AVN that it reached the His-Purkinje system when the refractory period of the latter had ended (type I gap). The corresponding H1-H2 intervals were longer than those at which A-V block first appeared. A similar mechanism can be implied in the genesis of the type I gap in bundle-branch conduction shown in our figure 1 (case 1), in figure 1 of the article by Wit et al.4 and in figure 5b of the article by Moe, Mendez, and Han.' A different mechanism was responsible for the A-V conduction gap observed by Gallagher et al. in four other patients.5 This gap (classified as type II by these authors) appeared as the CI shortened, when A2 was conducted rapidly enough through the AVN to reach the His-Purkinje system while the latter was still refractory.5 However, disappearance of the gap at shorter CIs could not be attributed to AVN delay since, when A2 reached the His bundle, it did so at a shorter H1,-H2 interval, and with a longer H2-V2 interval, than when A-V block had been present. Apparently the most premature impulses reached the His bundle early enough to encounter sufficient delay within the proximal His-Purkinje system (beyond the site where the H deflection was recorded) to give the previously refractory distal areas more time to recover.5
The gap in right bundle-branch conduction observed in our second patient can also be classified as type II. However, the occurrence of two different QRS morphologies suggests the possibility of more than one mechanism. For instance, beats showing the incomplete RBBB morphology with the longest H2-V2 intervals could have resulted from the Circulation, Volume XLVII, February 1973 appearance of additional degrees of proximal His-Purkinje delay which could have given the more distal areas (where right-bundle delay was occurring) more time to recover ( fig. 3 , left-sided panel). However, the appearance of an associated conduction delay within the left bundle branch (without changing the degree of right bundle-branch block) might also explain these findings.
On the other hand, beats with an incomplete LBBB pattern with somewhat shorter (but nevertheless still prolonged) H2-V2 intervals (right-sided panel in fig. 3 ) could have resulted from a greater degree of proximal His-Purkinje delay (below the site from which the H deflection was recorded)
giving the impulse enough time to reach the right branch when at a moment that this structure was more recovered than the left bundle. However, the simple occurrence of varying degrees of bilateral bundle branch cannot be excluded.
Unfortunately conventional His bundle studies are of no help (unless bundle-branch electrograms are recorded) in determining the exact site ( s) within the His-Purkinje system where H-V prolongation occurs.
The gap in case 3 was somewhat different than those seen in the first two patients. Since conducted beats invariably showed a complete LBBB morphology, the gap in the right bundle-branch conduction had to be associated with failure of H2 to reach the ventricles. A type I gap was excluded because during the early (pregap) part of the cycle the H,-H2 intervals were significantly shorter than that at which conduction had failed through the right branch.4 Moreover, in contrast to what occurred in the patient with a type II gap, the H2-V2 intervals did not lengthen when conduction reappeared as the CI was shortened.5 In fact, the duration of the H2-V2 interval was the same during the early, as well as during the late, parts of the cycle.
The mechanisms of this gap (which will be called type III for descriptive purposes) are not clear. Although all three cases discussed in this communication fulfilled the criteria of supernormal conduction as used in clinical electrocardiography, 6' 12, 13 His bundle recordings showed that true supernormality was not present in the first two patients. Nevertheless, this phenomenon could not be excluded in the third case, which was similar to the one described in figure 379 of Katz and Pick's textbook.12 Their tracings showed advanced A-V block with complete LBBB in conducted beats. The only P waves which could reach the ventricles were those following an idioventricular complex after an interval of around 560 msec, or at an interval greater than 1600 msec. All other P waves falling in between failed to produce QRS complexes. Katz and Pick believed that supernormal A-V conduction best explained this arrhythmia. A reasonable alternative hypothesis was offered by Moe, Childers, and Merideth14 who postulated that varying, pulsatile, vagal discharges could be the cause of unusual A-V conduction patterns. This explanation is valid for our third patient if it is assumed that the area of organically depressed conductivity was located within a segment (proximal?) of the His-Purkinje system which could still be influenced by cholinergic effects.
Finally, the existence of 2:1 phase 4 diastolic depolarization in the right branch, coexisting with complete block in the left branch, might explain the absence of conduction in late diastole possibly because the resting potential was reduced below a critical level.6 An atrial impulse reaching the right branch during the early part of phase 4 depolarization of both manifest (early) and concealed (late) responses could have propagated if the resting potential, although reduced, was still higher than the "critical" level which had blocked conduction between responses.
Massumi, Amsterdam, and Mason15 reported five cases fulfilling the accepted criteria of supernormal bundle-branch conduction which they related to "increased voltage of transmembrane action potential in the period known as the period of negative afterpotentials.`These authors ruled out the alternatives mentioned by other authors some of which were discussed in this communication. Nevertheless, their cases 1 and 2 could also be explained by the presence of phase 4 diastolic depolarization in the right branch.
